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Introduction
family usually originate by unequal crossing-over and are found in tandem arrays in the Methods and implementation 8 4 Input data files 8 5 BITACORA requires: i) a data file with the genome sequences (in FASTA format), ii) 8 6 the associated GFF file with annotated features (either in GFF3 or GTF formats; The BITACORA workflow is divided in three main steps (Fig. 1 ). The first step focal gene family that are already present in the input GFF file, and the curation of their 1 0 6 gene models (referred hereinafter as b-curated (bitacora-curated) gene models or 1 0 7 proteins). Specifically, the pipeline launches BLASTP and HMMER searches (Altschul, 1 0 8 1997; Eddy, 2011) against the proteins predicted from the features in the input GFF 1 0 9 using the FPDB protein sequences and HMM profiles as queries; the resulted 1 1 0 alignments are filtered for quality (i.e. BLASTP hits covering at least two-thirds of the 1 1 1 length of query sequences or including at least the 80% of the complete protein used as 1 1 2 a subject are retained). The results from both searches are combined into a single annotations. Besides, the proteins encoded by these b-curated models are incorporated 1 1 7 to the FPDB (updated FPDB or uFPDB), to be used in an additional search round. In the second step, BITACORA uses TBLASTN to search the genome sequences for 1 2 0 regions encoding homologs of the proteins included in the uFPDB but not annotated in 1 2 1 the uGFF. Overlapping TBLASTN hits, which we would expect to represent a unique 1 2 2 exon sequence, are merged into one single alignment. Then, all alignments located in 1 2 3 the same scaffold and separated less than the maximum allowed intron distance 1 2 4 (indicated by the "intron distance parameter") are connected to obtain a putative single 1 2 5 protein coding region (referred hereinafter as b-novel gene models). This step is 1 2 6 intended to join coding exons of the same gene based on expected intron distance in the 1 2 7 surveyed genome. We provide some scripts to estimate the "intron distance parameter" final dataset of annotated proteins, tagging those cases that could be the result of a 1 3 3 fusion of multiple genes with the label 'Ndom' (being N =>2, denoting the presence of 1 3 4 more than one protein family domain in the sequence; see Supplementary Material for 1 3 5 more details). Finally, BITACORA can also be used to perform a second search round using as the 1 3 8 input data all proteins obtained in steps 1 and 2 (sFPDB database). This additional step 1 3 9 is especially useful for searching remote homologs undetected in the previous steps. The BITACORA could be also used in the absence of either a reference genome for the 1 4 8 target species (e.g. for transcriptomic studies) or a precompiled GFF (e.g. for non-1 4 9 annotated genomes); in these cases, the input should be a FASTA file with the set of 1 5 0 predicted proteins or the genome sequences, respectively (see Supplementary Material 1 5 1 for alternative usage modes). With BITACORA, we also distribute a series of scripts to 1 5 2 perform some useful tasks, such as estimating intron length statistics from a GFF, parameters, such as the E-value for BLAST and HMMER searches, the number of 1 5 7 threads in BLAST runs, or the maximum intron length required to connect putative 1 5 8 exons of the same gene. Robertson, 2015), in a subset of seven chelicerate genomes from those analyzed in 1 6 6 Vizueta et al., (2018) . For the analysis, we retrieved the data (genome sequences, Centruroides sculpturatus, where only 24 proteins were initially identified by the 1 8 5 automatic annotation pipelines (Table 1) . Globally, BITACORA identified, annotated This fact, added to the huge divergence accumulated between many copies (a mixture of 1 9 6 age and rapid evolution), probably prevented the automatic annotation of the GRs The members of the NPC2 family, on the contrary, are much more conserved at the 1 9 9 sequence level and show higher levels of gene expression in arthropods (Pelosi et al., 2 0 0 2014). As expected, the number of newly identified copies of this family in the seven 2 0 1 chelicerate genomes is much lower than in the case of GRs. Even that, BITACORA was 2 0 2 able to detect 44 new NPC2 encoding sequences, raising the total repertoire in these 2 0 3 species to 119 (Table 1) . It is worth noting, however, that a non-negligible number of 2 0 4 these new identified genes are incomplete, likely caused either by a poor genome 2 0 5 assembly quality (indicated as the N50 and the number of scaffolds) or a low number of 2 0 6 annotated proteins in the input GFF requiring to predict novel gene models in 2 0 7 BITACORA second round (only 42.5% and 63% of the uncovered GR and NPC2 2 0 8 proteins, respectively, were complete; Table 1 ), demonstrating that the performance of 2 0 9 BITACORA depends on both the quality of input annotations and genome assemblies in 2 1 0 addition to the specific focal gene family. With this in mind, we have developed a bioinformatics tool that helps researchers to 2 2 7 access these automatic annotations, extract the information of focal gene families, 2 2 8 curate and update gene models and identify new copies from DNA sequences. Using 2 2 9 BITACORA, gene family annotations can be really improved using both HMM profiles 2 3 0 and iterative searches that incorporate the new variability found in previous searches.
3 1
One of the analyses on gene families more sensitive to the quality of annotations is the erroneous results, not only in terms of gene counts but also in calculations biased to 2 3 7 highly expressed and/or very recent copies. Then, BITACORA can be used to reduce 2 3 8 considerably these errors and make more accurate and robust inferences about the 2 3 9 age/origin of the family and of its mode of evolution. with BITACORA might be also crucial for further analysis on their sequence evolution. The quality of multiple sequence alignments, which are used to determine orthology 2 4 3 groups, to obtain divergence estimates or to detect the footprint of natural selection in 2 4 4 gene family members, is strongly compromised by the presence of badly annotated 2 4 5 copies, including chimeras and incorrectly annotated fragments. Using BITACORA we 2 4 6 can detect these artifacts and either fix or discard them from further analyses. Despite its proven utility, we are aware that BITACORA do not provide perfect 2 4 8 annotations for a gene family. For this reason, we configured the pipeline output to be 2 4 9 easily readable for genome editor tools, such as Apollo, which facilitate researchers to 2 5 0 improve gene models. Fig. 3 show an example of the annotation tracks generated by GR and the NPC2 families. Step 1
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